Age and obesity-associated changes in the expression and activation of components of the AMPK signaling pathway in human right atrial tissue.
Obesity is associated with an increased incidence of left ventricular hypertrophy, diastolic dysfunction, heart failure, and premature cardiac aging. In the heart, intrinsic activation of the AMP-dependent protein kinase (AMPK) plays a pivotal role in the stress response to ischemia and hypertrophy. Furthermore, AMPK is an important regulator of cardiac mitochondrial biogenesis. The purpose of the present study was to investigate the influence of obesity and aging on the AMPK signaling pathway in human cardiac tissue. 60 male cardiac surgery patients were included in the study and divided into 4 groups (old normal weight: ON; old obese: OO; young normal weight: YN, young obese: YO) according to their body mass index (18.5-25: normal weight or 30-35: obese) and age (<55 years: young or >70: old) with 15 patients each. Right atrial tissue (RA) was analyzed for the expression of the AMPK upstream kinases CAMKK and LKB1, activation of AMPK as well as phosphorylation of the AMPK downstream targets ACC, eEF2, mTOR and eNOS. Epicardial adipose tissue was analyzed for the expression of the endogenous AMPK activator adiponectin. The metabolic state of all patients was further characterized in fasting blood samples. Old patients (ON, OO) and young obese (YO) subjects displayed higher fasting glucose, insulin and leptin serum levels compared to the young, normal weight group, although HbA1c was below the threshold required for the diagnosis of type 2 diabetes. Serum adiponectin as well as total adiponectin protein expression in epicardial adipose tissue was decreased in these three groups. Analyses of adiponectin isoforms by native gel electrophoresis revealed significant differences in the high molecular weight (HMW) isoforms between the groups. Despite the low total serum adiponectin and HMW adiponectin, AMPK activation was high in the RA of obese patients (YO, OO). Among the AMPK upstream kinases, LKB1 expression showed a strong positive correlation with AMPK activation. While the phosphorylation of the AMPK downstream targets mTOR, eEF-2 and ACC was not altered, phospho-eNOS was significantly lower in old patients (ON, OO). Despite strong AMPK activation, mitochondrial biogenesis and respiration were impaired in old (ON, OO) and young obese (YO) subjects. These data indicate that obesity and aging result in significant changes although many direct parameters in the AMPK signaling pathway are not changed in the same direction. LKB1 may represent a stronger activator of the AMPK pathway than adiponectin or the CAMKKs in human right atrial tissue.